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(54) SURFACE ACOUSTIC WAVE DEVICE 
(57)Abstract 

PROBLEM TO BE SOLVED: To provide a surface acoustic wave device 
which is free from deterioration in its characteristic and has high reliability 
by providing an exciting electrode, etc.. on a piezoelectric substrate to 
generate a surface acoustic wave and laminating a protective film having a 
surface acoustic wave speed higher than the piezoelectric substrate and 
having a specific relative resistance value/ film thickness on the exciting 
electrode. 

SOLUTION: A metallic exciting electrode 2 and a reflector electrode 3 are 
provided on a piezoelectric substrate 1. and a protective film 4 is formed at 
the areas of both electrodes 2 and 3. The substrate 1 uses a lithium 
tantalate material and the film 4 uses a such material as silicon, having a 
higher surface acoustic wave speed than the substrate 1. Thus, the 
electrode pitch is decided with a larger degree of freedom and production of 
the electrode 2 is facilitated. Furthermore, the ratio between the relative 
resistance value and the thickness is set at 109 to 1013ft for the material 
of the film 4. Thereby, the extra electric charge flows through the film 4 to 
relax the unevenness of a charge density distribution that is caused among 
electrode fingers of the electrode 2, etc.. by the pyro electricity of the 
substrate 1. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Surface acoustic wave equipment on which the protective layer which consists of the ingredient whose ratios 
(resistivity /thickness) of resistivity and thickness are 109-101 3ohm on this excitation electrode while forming the excitation 
electrode made to generate a surface acoustic wave on a piezo-electric substrate was made to put. 

[Claim 2] Said protective layer is surface acoustic wave equipment according to claim 1 characterized by consisting of an 
ingredient with the rate of a surface acoustic wave quicker than said piezo-electric substrate. 



[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to surface acoustic wave equipments, such as a surface acoustic wave (SAW) filter 
which prepares an excitation electrode in the piezo-electric substrate which consists of single crystals, such as lithium tantalate, 
lithium niobate, and a tetraboric acid lithium, and grows into it. 
[0002] 

[Description of the Prior Art] Conventionally, promising ** of the single crystals, such as lithium tantalate (UTa03), is carried out 
as an ingredient which it is observed very much as an ingredient with the large electromechanical coupling coefficient generally 
used as a performance evaluation of piezoelectric material, for example, is used for various piezo-electric devices, such as 
surface acoustic wave equipments, such as a surface acoustic wave filter and a surface acoustic wave resonator, and a bulk 
wave device. 

[0003] When aluminum is especially used as an IDT electrode material, using the lithium tantalate single crystal of 36 degreeY cut 
X propagation as a substrate, it is made optimal to make or less into 0.1 standardization thickness H/lambda of an IDT electrode 
to the wavelength of the surface acoustic wave made to spread (see JP,6-188673,A etc.). 

[0004] However in order to constitute the front end SAW filter (analog: 900MHz a band and digital: 1 5GHz band) used, for 
example for telephones for mobile communications, such as a cellular phone and PHS (Personal Handy-phone System) For 
example, if it is an AMPS (Advanced Mobile Phone Service) method, in spite of needing the big magnitude of attenuation 20dB or 
more out of band also at the lowest Even if it was going to apply the lithium tantalate single crystal which was excellent in 
property to the substrate ingredient it had the above magnitude of attenuation out of band, and, moreover, there was nothing 
that has a small insertion loss. Moreover, dispersion in the property of a finished product was large, and many things of a poor 
property had occurred. 

[0005] It is possible to be shown below as one of such the causes. For example, although it is common that the protective coat 
which metal electrodes, such as an excitation electrode which constitutes the shape of a ctenidium, are prepared on the above 
piezo-electric substrates, and consists of an insulating ingredient on metal electrodes, such as this excitation electrode, is 
covered and constituted as for a surface acoustic wave filter When the piezo-electric substrate was put on the bottom of a hot 
environment at the process after electrode formation of an excitation electrode etc., uneven charge distribution arose on the 
piezo-electric substrate front face, and the electrode carried out deformation etc. by the discharge which this became a cause 
and was generated, as a result degradation of a filter shape etc. was induced. 

[0006] That is, in processes at the time of package mounting after electrode formation of an excitation electrode etc., such as 
die bonding and wire bonding, if a piezo-electric substrate is put on the bottom of elevated temperature about 80 degrees C or 
more, charge distribution will arise on a piezo-electric substrate front face by the pyroelectricity of a piezo-electric substrate. 
And although the charge produced on this piezo-electric substrate front face is neutralized by the suspension charge in air, this 
rate neutralized will change with configurations, area, etc. of an electrode which were formed on the piezo-electric substrate, and 
uneven density-of-electric-charge distribution will exist in some places on a piezo-electric substrate. In the narrow part of the 
gap of the electrode finger of a ctenidium-like electrode and electrode finger which constitute as a result, for example, an 
excitation electrode Very big electric field will be built, discharge takes place so that the above-mentioned density-of-electric- 
charge distribution may be eased, and the electrode finger of an excitation electrode deforms by this discharge, or a part fuses, 
and it exfoliates. For example, the filter shape deteriorated, and the piece of a metal which exfoliated adhered on electrodes, 
such as an excitation electrode, and had caused short [ poor ]. 

[0007] Then, while protecting an excitation electrode, it sets it as the purpose of this invention to offer the surface acoustic 

wave equipment which does not have property degradation like before and was very excellent in dependability 

[0008] 

[Means for Solving the Problem] In order to make the above-mentioned purpose attain, the laminating of the excitation electrode 
which the surface acoustic wave equipment of this invention makes generate a surface acoustic wave on a piezo-electric 
substrate, and the protective layer to which resistivity/ thickness changes from the ingredient which is 109-101 3ohms is carried 
out one by one. 

[0009] Moreover, if it is made for a protective layer to consist of an ingredient with the rate of a surface acoustic wave quicker 

than a piezo-electric substrate, it will become possible [ designing the pitch of the electrode finger of an excitation electrode by 

bigger width of face as compared with the case where the conventional substrate layer is not prepared ]. 

[0010] Moreover, when it considers as lithium tantalate as a piezo-electric substrate and considers as silicon as a protective 

layer especially, the thickness is good to be referred to as 75nm or less so that an insertion loss may become large and a filter 

shape may not deteriorate. In addition, a protective layer may be the composite material which made half-**********, resin, or 

glass made high resistance in addition to silicon contain electrical conducting materials, such as a carbon metallurgy group 

ingredient. 

[0011] 

[Embodiment of the Invention] Hereafter, the gestalt of operation concerning this invention is explained to a detail based on a 
drawing. The surface acoustic wave equipment of this invention prepares the excitation electrode 2 and reflector electrode 3 
grade which consist of a metal on the piezo-electric substrate 1, as the part is shown in drawing 1 and drawing 3 , and covering 
formation of the protective layer 4 is carried out only to these electrode fields. 
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[0012] Moreover, two or more surface acoustic wave resonators 10 by which series connection was carried out as the equal 
circuit was shown in drawing .2 , The surface acoustic wave equipment S which consisted of two or more surface acoustic wave 
resonator 20 grades by which parallel connection was carried out, is surface acoustic wave filters, such as the so-called balance 
mold filter, and was constituted in this way A low pass filter is constituted as two or more surface acoustic wave resonators 10 
by which series connection was carried out are also, a high-pass filter is constituted as the surface acoustic wave resonator 20 
by which parallel connection was carried out is also, and a desired property is acquired. 

[0013] Here, the piezo-electric substrate 1 consists of single crystals, such as lithium tantalate, lithium niobate, and a tetraboric 
acid lithium. Moreover, as an electrode material of excitation electrode 2 grade, the alloys (an aluminum-Si system, an aluminum- 
Cu system, aluminum-Ti system, etc.) which use aluminum and aluminum as a principal component can be used suitably. 
Moreover, a protective layer 4 can be used as semi-conductive ingredients, such as composite material which made insulating 
materials'such as silicon oxide (Si02) and silicon nitride (Si2 N3), silicon, resin or glass, etc. contain electrical conducting 
materials, such as a carbon metallurgy group ingredient. After forming these excitation electrode 2 and a protective layer 4 with a 
CVD method, a spatter, a vacuum deposition method, etc.. they remove a garbage by the lift-off method etc. 
[0014] Moreover, when resistivity of a protective layer 4 is set to sigma and thickness is set to h, sigma/h shall be in within the 
limits which is 109-101 3ohms. For this, sigma/h is 109. It is because relaxation of density-of-electric-charge distribution will not 
fully take place if it will be in the condition that the electrode short-circuited when smaller than omega and is larger than 1013 
ohms. 

[0015] According to this surface acoustic wave equipment S, by the pyroelectricity of the piezo-electric substrate 1, even if 
density-of-electric-charge distribution serves as an ununiformity between the electrode fingers of excitation electrode 2 grade, 
an excessive charge can flow through a protective layer 4, and the ununiformity of density-of-electric-charge distribution can be 
eased. 

[0016] Here, when especially the piezo-electric substrate 1 is used as lithium tantalate and a surface acoustic wave filter is 
produced by using a protective layer 4 as silicon, the thickness of a protective layer 4 may be 75nm or less. This is because it 
became clear that an insertion loss became large suddenly and a filter shape deteriorated when it became thicker than 75nm. 
[0017] Moreover, as compared with the case where a protective layer 4 is not formed for the pitch of an electrode finger in the 
design of excitation electrode 2 grade, formation with a bigger degree of freedom (width of face) is attained, and there is an 
advantage that production of the excitation electrode 2 is easily realizable because a protective layer 4 considers as an 
ingredient (it is silicon about lithium tantalate and a protective layer for example, in a piezo-electric substrate) with the rate of a 
surface acoustic wave quicker than the piezo-electric substrate 1 especially. 

[0018] In addition, it is not limited to the surface acoustic wave filter of the above-mentioned gestalt, and that what is necessary 
is just the configuration that covering formation of the protective layer was carried out on the electrode field, surface acoustic 
wave equipment is not limited to the above-mentioned thing about the quality of the materials, such as an excitation electrode 
and a protective layer, but in the range which does not deviate from a summary, it can be changed suitably and can be carried 
out. 
[0019] 

[Example] Next, a concrete example is explained. 

[0020] [Example] It is the same as that of the equal circuit which prepares the piezo-electric substrate of the lithium tantalate of 
X propagation by 36-degree rotation Y cut. and is first shown on this piezo-electric substrate at drawing 2 . From a lower layer 
so that it may become the aluminum film / silicone film, in order to make it the surface acoustic wave filter which demonstrates 
a desired filter shape The range of 200-500nm of thickness of the aluminum film, the thickness of 75nm or less of a silicone film, 
and electrode digit of 1 micrometer Extent and spacing of 1 micrometer of an electrode finger and an electrode finger Patterning 
formation was carried out with extent. This patterning formation is formation of the resist pattern by the photolithography. -> 
Formation of the aluminum film by vacuum deposition -> Removal of the unnecessary section by the lift-off method -> 
Formation of the resist pattern by the photolithography -> Formation of the silicone film by vacuum deposition -> Removal of the 
unnecessary section by the lift-off method performed. 

[0021] It is because it became clear that a good filter shape was not shown when it is thicker than 75nm to have carried out 
covering formation at 75nm or less in thickness and the silicone film (resistivity 5 x105 omega-cm extent) was carried out here. 
[0022] Thus, about the produced surface acoustic wave filter, the property with a good place that center frequency measured 
the filter shape by 900 MHz**200 MHz is shown. Discharge etc. was hardly produced (after supplying for about 30 minutes on the 
hot plate of about 150 **). When investigated about the incidence rate of a spark, when a silicone film is prepared only on the 
resonator which consists of an excitation electrode and a reflector electrode (however, the silicone film is put on the piezo- 
electric substrate between electrode lines), it is 3% or less of incidence rate, and a very good result was brought. Moreover, 
except for the electrode pad, when [ of a piezo-electric substrate ] it prepared in the whole surface mostly, it became about 12% 
of big incidence rate. 
[0023] 

[Effect of the Invention] According to the surface acoustic wave equipment of this invention, as explained above, even if density 
of-electric-charge distribution is uneven inter-electrode [ of an excitation electrode ], a charge flows through the protective 
layer prepared on the excitation electrode, and the ununiformity of density-of-electric-charge distribution is eased. By this, even 
if it is the case that inter-electrode [ of an excitation electrode ] is very narrow, discharge by high electric field is prevented as 
much as possible, and the surface acoustic wave equipment which was excellent in the property can be offered with the 
sufficient yield. 

[0024] Moreover, since the ingredient of high resistance is chosen as extent which does not spoil a filter shape, it receives short 
[ inter-electrode / by the conductive foreign matter ], and can protect. 

[0025] Moreover, the dependability over high humidity can be raised by using especially a protective layer as hydrophobic 
ingredients, such as a silicone film. 

[0026] Furthermore, since the rate of a surface acoustic wave is quicker than lithium tantalate. it becomes possible to excite a 
quicker surface acoustic wave, and silicon can produce the outstanding surface acoustic wave filter corresponding to a RF, even 
if it does not make the electrode finger pitch of an excitation electrode detailed. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 
[Drawin gjQ The perspective view showing some surface acoustic wave equipments concerning this invention. 
LDrawin g_2] The circuit diagram explaining the equal circuit of an example of the surface acoustic wave equipment concerning 
this invention. 

£Brawing_3] tne A ~ A ,ine ' n drawing 1 part — a sectional view. 
[Description of Notations] 

1 ... Piezo-electric Substrate 

2 ... Excitation Electrode 

3 ... Reflector Electrode 

4 ... Protective Layer 

5 ... Surface acoustic wave equipment 



[Translation done.] 



http://www4jpdl.ncipi.gojp/cgi™bin/tran^web.cgLeije 



2007/03/06 



(i9> hjmwmw (jp) as) & y Jk <a) <iiw*aw»ii»* 

WBPRO- 163802 

(43)&Bfl0 ^10^(1998) 6/519H 



(51) IntCL 8 mm F I 

H 0 3 H 9/25 H 0 3 H 9/25 A 

9/145 9/145 C 



m&mt 2 ol (^ 4 h) 



(2i)mH## 


ftmWG -320521 


(71) ffl ISA 


000006633 










(22)fUBIB 


^8^(1996)11^290 




jKtfjjwawnu^EOttHW y -t»r 5 #*b 








©22 






(72)5SW# 


mm &m 








««H***ilJI»3Wr3t#3TB5««l 3C 








■fe ^^M^ftSBEf ft 






(72)»W# 


















■fe ^WSC^fc^JftWWJf w 






(72)»M# 


mm mz. 








*<^«3RaMllWW*#3TB5#» « 








•fc ^«cSC^*fc^^W92Wrt 










(54) [5tm<D&W\ 









(57) 

kLtzt%\C s cr/h^iO 9 ~ 1 o" Q<DmmX*h% 




1 

mmmm&M!&-titt tic, tmmmm±.ic. tmvt 
mtmmt(oit mmm/mm) #1 o'~i o" q 

[If 2 ] SiifB#iiSfitilEffimS« i 9 #t£«ffi 

»ojg«^is v >*ma» & r. t t -r 5 i 

[OOOl] 10 

(SAW) 7>f^<?o»tt*iB*Jg«tH1-5. 
[0 0 0 2] 

i-t ©nan lie* ±5, ^^jf!? 
a (LiTao, ) -mzj£m.wnoft. 

[0 0 0 3] 3 6° VX&ffi.<D? y ? 

I DT«i©SWfH/U0. 1W 

¥6-188673 . 
[0 0 0 4] Li»Li*«b» W*.tf-fe^V9-*K» PH 
S (Personal Handy-phone System) ^©^ftftillt #j 30 

o^: 9 0 0MHz f^^ ; 1 5 GHz W Zffi 

tfiJxft'AMPS (Advanced Mobile Phone 
Service) ^T'fctltt\ 2 0 d B£t±©*£fcffir#fl-i* 

©tf bottf^t^ofcO, *H4^&©t>©d^<38£ 
LT^fc 40 
[0 0 0 5] ;:©£ 5 LXUTl^-fz. 
ti^ibns, #RH\ 3«4SE&7^WM2, _Lf2 

tt *» b J*S#«1I#*^ ftT*J* 3 JIT 1^ 5 <& ^ 

-8«re*>«a*, ajg*««!?©Wf 7&*&©ig/j: t*-? 

tc^mxmm-A^M^Ltz <o lx, tn^-cn? ^ 
&<D£imzmmLx^tc<Dxh% 0 50 



ftMW-l 0- 1 6 3 8 0 2 
2 

[0006] i-ttteh, mwiwm%<Dmffl£im.<D'<y 

>r - -y & it 5 y^f tV v v -i -f - if- y 
j-'a y y%<DTM\Z.te^X ^ EE*StEtf£)8 0t£U:© 

[0007] ^^x% Ehmmm<Di&mzft 5 1 1 tic, 

[0 00 8] 

[MUBSr«¥*f 5 fc» ©#©l 
fete, *3BW©*tt*iB«tSilH, JimS^iic, 

1 0' ~1 0" Q©W4^^^5^gie^l«2>tafS§tL 

[0 0 0 9] *fc, ^l$SttJE«S«J:"9#tt*ffi^© 

[0010] £fc#&c, j±ms*t bx^^^^y^ 

5nmWTtt5tJ:V\ 4*J, ft|||li/!Ja^ 
[0 0 1 1 ] 

[3SW©H16©^ffil **W»c«5H*©^«t 

-o^xmm^m^nmiemw-fz, *^sj©#tt^E 
0iJx.lfl2liSu ; 0 3^o-w^^TJ;5 

t» EE*2*l±fc£«a»&j*5ftfi«*2XtfR#HB 
mffi 3 « * K »t /c © T 9 i *i b © ttffiffttfc © 

[0 0 12] 4fc, -t©4MBiaij5HtH2»C*f J:5»^ 

ti, »©a:?ij^$tiyt3H4*s&#ig^i ot-fco 



[0013] E*S«i»±*i'*^*!Jf-0 
a, ~;t7'g?y pais 5 f-£.M*©HMft*a» 

Til, T/V^-^A^T/W^-^A^sfe^t-ra^ 
(Al -S i 3R, Al-Cul, A 1 -T i $«) 

y (SiO, ) , gjb->y (Si! n, ) <eifolft 

[0014] *fc, &mm4<Diti&mfcZo, mm*h 

kL1tm-&\£. c/hiiio' ~10 13 QcDftHftlcfc 

5. 20 
[0 0 15] r©J*tt*ffi»SiBSfcJ:ixtf, J±mX« 

i ©asmtefc i ^ % asm® 2 «$ ©mffiiira-cmffi^s 
[0016] wtffmassisr^^/my^ 

*&tfs*tLfc»'&fc:W\ «H/§4©jg|J]f}}7 5 nmKT 

[0017] * 4 #EE*£« 1 J: »> 3W4 

tl 2 ^ ©Kff *3 , mtlfl © tr y f - &4fflM 4 £ R 
tt&vMfr&iJfctfcL-C J: (*) X*<DM 

[0 0 18] »tt*iB«S»»±±IE»li©#tt* 
ffi$E 7 >f /p* PIS § ir 3 t> © X* t±fc < , «ffiffi*jUb 

i%tm&&mi&j$.&fctcmf$.-?hM-££<s mmnm, 40 

[0 0 19] 

[0 0 2 0] (£ft0!l) 3 6° i(EY*yhtX 



(3) «f,fj^ 1 0- 1 6 3 8 0 2 

4 

\Z S 7^^- r 7AflI©fllJf;2 0 0~5 0 0 nmCDgSffl, 
-> y => ymoW&f- 7 5 n m£i.T\ fltSffitii 1 u ■ 8S, 

-* 7* t-u y?'77-fia5i/y7 

7 ifclc J: J: flffofc. 
[0 0 2 1 ] r. Z X\ (rtfeftffi5 X 10 s Q 

■crafift) &JP$ 7 5 nmElTt-flMM£jfcbfc©l± % 7 
o n m 

[0 0 2 2] 5KLT^«tfc3Wt*iBa7>fA' 
^(Co>,">T, 4"<bJi?S$t#900 MHz ±200 MHzt7 

m^iifatA^^bft^ofc (#n5o o ccD*y h7°p- 
s±ici±->y =ygt**tt* $titi^) K»tfc*&3% 

1 2 %(D7v^ fc38&** fcofc. 
[0 0 2 3] 

^-t'fcott), jaiBiffi-t fc«*Ji * as bt m 

[0 0 2 4] 7^^^»ttSr*^*3*V^SS»Cift 
[0 0 2 5] ^fc, = 

[0026] $fbt^ v-y =>>ii^v^^y 
[01] *35WJcflt5#tt*iSiftJ6]l©-»»Sr*i-«4 



[0 2] *55W»-«5#tt*ifi»Sll©-«l©<StflSiaB 

[0 3] El 1 {Cjott^ A-A^f— §CISfffiElo 
[«#©««] 




(72)3pj§# m± mm 



